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Received September 27, 2012; accepted December 24, 2012AbstractBackground: The Trendelenburg position has been suggested for right internal jugular vein (RIJV) catheterization. However, this position can
sometimes be functionally intolerable for chronic kidney disease patients. We conducted an ultrasound study to further investigate the efficacy of
the use of the Trendelenburg position during tunneled dialysis catheter insertion via the RIJV in chronic kidney disease patients.
Methods: We recruited into our study patients without a history of prior tunneled dialysis catheter insertion or neck surgery. Those patients with
stenosis or thrombus in the RIJV were excluded. Serial ultrasound images were acquired with patients in the supine position, with the head
rotated 30 to the left: Stage 0, table flat; Stage T, Trendelenburg tilt. Then, measurements of patient RIJV transverse diameter, anteroposterior
(AP) diameter, and cross-sectional area (CSA) were obtained.
Results: Fifty dialysis patients and 40 healthy volunteers completed the study. There were no significant differences in the lateral diameter, AP
diameter, or AP/lateral diameter ratio between the dialysis patients and healthy volunteers, whether in the supine or the Trendelenburg position.
However, the CSA of the RIJVof the healthy volunteers in the Trendelenburg position was significantly larger than that in dialysis patients. The
change in CSA from the supine to the Trendelenburg position was also significantly different between the two groups.
Conclusion: In contrast to healthy volunteers, there was no enlargement of the RIJV when dialysis patients were in the Trendelenburg position.
The reason for this phenomenon may be multifactorial, with diastolic dysfunction being the most likely cause, and further investigation is
required to clarify the cause. Our investigation suggests that the supine position for central venous catheterization in dialysis patients is superior
to the Trendelenburg position.
Copyright  2013 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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Venous access is one of themost important issues for patients
with chronic kidney disease (CKD).1e3 A tunneled dialysis
catheter (TDC) is used for immediate access for hemodialysis or
as a transitional bridge for hemodialysis before a long-term
arteriovenous fistula is available.1e7 The Trendelenburg* Corresponding author. Dr. Pin-Tarng Chen, Department of Anesthesiology,
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Taiwan, ROC.
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http://dx.doi.org/10.1016/j.jcma.2013.03.014position has been recommended as a favorable position for
venipuncture of internal jugular vein (IJV) and insertion of
central venous catheter.1,8e13 The perceived benefits include an
increase in venous return, hence enlargement of the IJV, and
prevention of air embolism entrance during the procedure.1,8e13
From our experience, using real-time ultrasound-guided
venipuncture and antegrade tunneling technique via the right
IJV (RIJV) for step-tip catheters,1,6 we have found that the
diameter and cross-sectional area (CSA) increase of the RIJV
in the Trendelenburg position appears questionable in CKD
patients. Moreover, this position is sometimes not feasible for
use by debilitated CKD patients who are often old, and ishinese Medical Association. All rights reserved.
Table 1
Comparison of patient’s age, right internal jugular vein diameters, and cross-
sectional area in dialysis patients and healthy volunteers in supine and Tren-
delenburg position.
Patient position Dialysis
patients
(n ¼ 50)
Healthy
volunteers
(n ¼ 40)
p
Age 69.46 (19.61) 31.81 (9.08) <0.001*
AP diameter Supine 1.16 (0.33) 1.06 (0.23) 0.110
Trendelenburg 1.20 (0.28) 1.21 (0.24) 0.926
p 0.215 <0.001*
Lateral diameter Supine 1.74 (0.50) 1.58 (0.29) 0.086
Trendelenburg 1.73 (0.49) 1.77 (0.35) 0.638
p 0.789 <0.001*
AP/lateral
diameter ratio
Supine 0.69 (0.15) 0.68 (0.12) 0.724
Trendelenburg 0.73 (0.19) 0.69 (0.11) 0.226
p 0.068 0.340
CSA Supine 1.67 (1.00) 1.72 (0.62) 0.775
Trendelenburg 1.70 (0.80) 2.20 (0.82) 0.004*
p 0.920 <0.001*
CSA change 0.06 (0.25) 0.32 (0.36) <0.001*
Data are given as mean (SD); *P < 0.05.
AP ¼ anterial-posterior; CSA ¼ cross-sectional area; SD ¼ standard
deviation.
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(CHF) and pulmonary edema. Additionally, most tables in
interventional suits with fluoroscopy cannot create the Tren-
delenburg position.
The aim of this study was to challenge the traditional
concept regarding the use of the Trendelenburg position during
TDC insertion via the RIJV in CKD patients. We hypothesized
that the Trendelenburg position would not increase the diam-
eter and CSA of the RIJV in dialysis patients. To test our
hypothesis, an ultrasound image study was conducted to
compare the diameter and CSA of the RIJV in supine and the
Trendelenburg positions.
2. Methods
This study was approved by the institutional review board,
and written informed consent was obtained from all partici-
pants. Both dialysis patients and healthy volunteers without a
history of prior TDC insertion or neck surgery were enrolled in
this study. A two-dimensional linear array probe (8L-RS; GE
Healthcare, London, United Kingdom) was used to obtain
ultrasound images of the RIJVof the participants (Vivid e; GE
Healthcare). The probe was held perpendicular to the skin over
the RIJV at the level of the cricoid cartilage in the transverse
axis. Individuals with a stenotic or thrombosed RIJV, as
indicated by ultrasound upon examination, were excluded
from this study. All ultrasound images were obtained by one
senior anesthesiologist in order to maintain consistency. The
images were stored on a digitized disk for digital computer
processing and subsequent analysis by another independent
investigator blinded to the study groups.
The following sequence of positions was used: Stage 0, table
flat (no tilt), with the participant in the supine position and the
head rotated 30 to the left; Stage T, Trendelenburg tilt of table
with the individual in the supine position and the head rotated
30 to the left. The following measurements were obtained: the
transverse lateral diameter of the RIJV, the anteroposterior (AP)
diameter of the RIJV, and the CSA. We supposed that the shape
of the RIJV may change according to the extensibility of the
RIJV and the preload condition. The AP/lateral diameter ratio
was taken to represent the shape of the RIJV. Demographic data
of the studied patients were also collected.
Parametrical data are presented as the mean with standard
deviation, and categorical data are expressed as count with
percentage. The independent t-test was used to compare pa-
tients’ characteristics, diameter changes, and CSA changes in
the two groups. The paired t-test was used to compare the
diameters and CSA changes between the supine and the
Trendelenburg position in both groups. Any p value <0.05 was
considered statistically significant. All statistical analyses
were carried out using SPSS version 17.0 for Windows (SPSS
Inc., Chicago, IL, USA).
3. Results
In total, 50 dialysis patients and 40 healthy volunteers were
enrolled in our study. No stenosis or thrombus was noted in theRIJV during patient examinations in either group. There were
no significant differences in the demographic data between the
two groups, with the exception of age. The healthy volunteers
were younger than dialysis patients (Table 1; age for dialysis
patients and healthy volunteers was 69.46 (19.61) and 31.81
(9.08), respectively).
Serial ultrasound images of one representative patient in
each of the dialysis and healthy volunteer groups are shown in
Figs. 1 and 2. The differences in AP diameter, lateral diameter,
and AP/lateral diameter ratio between the dialysis patients and
healthy volunteers, whether in the supine or Trendelenburg
position, did not reach a significant level. However, there were
significant variations in the RIJV CSA between the supine and
the Trendelenburg position for the dialysis patients and
healthy volunteers. CSA changes for the dialysis patients and
healthy volunteers were 0.06 (0.25) and 0.32 (0.36), respec-
tively (Table 1 and Fig. 3).
Table 1 compares the effect of position change within the
dialysis and healthy volunteer groups. The Trendelenburg
position exerted significant effects on the AP diameter, lateral
diameter, and area change in the healthy volunteers. In
contrast, the Trendelenburg position did not affect the mea-
surements of the RIJV in the dialysis patients (Fig. 4).
4. Discussion
Central TDCs are important to CKD patients. The low
infection and thrombosis rates1e4,6,14e17 render IJVs the
preferred choice for TDCs. Use of the RIJV is more favorable
than the left IJV because of its direct route to the superior vena
cava, its position being far from pleura, and the absence of a
thoracic duct in the right side of the chest.1e6 The ideal patient
position for RIJV catheterization has been well established
and documented as the Trendelenburg position with a head
Fig. 1. Serial ultrasound images of the right internal jugular vein (RIJV) in the dialysis group. The probe was held in the transverse axis perpendicular to the skin
over the RIJV at the level of the cricoid cartilage to obtain images in a 66-year-old dialysis patient. (A) The table is flat (no tilt), patient is in the supine position
with the head rotated 30 to the left; the calculated CSA was 1.34 cm2. (B) Trendelenburg tilt and head rotated 30 to the left; the calculated CSA was 1.38 cm2.
AP diameter ¼ anteroposterior diameter of the RIJV; CSA ¼ cross-sectional area; RIJV ¼ right internal jugular vein.
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Trendelenburg position is sometimes difficult to achieve for
dialysis patients while placing TDCs. By using ultrasound
image study, we demonstrated that the Trendelenburg position
may not increase the size of RIJV in dialysis patients.
In our study, the AP diameter, lateral diameter, and AP/
lateral diameter ratio were similar for both the supine and
Trendelenburg position between dialysis patients and healthy
volunteers. The calculated CSA of the RIJV was significantly
greater in healthy volunteers than in dialysis patients in the
Trendelenburg position but not in the supine position. A sta-
tistically significant CSA change after alteration of position
was noted only in healthy volunteers. The desirable effect of
the increase in CSA under the Trendelenburg position was notFig. 2. Serial ultrasound images of the RIJV in the healthy volunteers. The ultrasoun
at the level of the cricoid cartilage to obtain images in (A) the supine and (B) Trend
0.89 and 1.21 cm2 in (A) and (B), respectively.observed in our study in dialysis patients. Moreover, data from
dialysis patients further demonstrated that there was not much
change in the AP diameter, lateral diameter, AP/lateral
diameter ratio, or CSA using the different positions (Table 1
and Fig. 4). Placing CKD patients in the Trendelenburg po-
sition for TDC insertion is no longer logical or supportable.
Physiologic effects associated with the Trendelenburg posi-
tion have been studied in healthy volunteers.8,9,11e13,20,21 The
Trendelenburg position acts as an autotransfusion and causes an
increase in the RIJV CSA, left ventricular end-diastolic volume,
and cardiac output. However, these changes return to baseline 10
minutes after equilibrium by autoregulation.20,21 Lung volume
and airway closure related to assumption of the Trendelenburg
position had been investigated by Craig et al.22 in 10 healthyd probe was held in the transverse axis perpendicular to the skin over the RIJV
elenburg position in a 25-year-old female volunteer. The calculated CSAs were
Fig. 3. Box plots of the cross-sectional area and anteroposterior over lateral
diameter ratio of the right internal jugular vein. The box plots show the median
and interquartile ranges with Whiskers to the 1.5 interquartile range and
outlier data for the cross-sectional area and anteroposterior over lateral
diameter ratio of the right internal jugular vein in the supine and Trendelen-
burg position of (A) the dialysis patients and (B) the healthy volunteers.
**p < 0.001.
Fig. 4. Box plots of the cross-sectional area and anteroposterior over lateral
diameter ratio of the right internal jugular vein of the dialysis patients and
healthy volunteers. The box plots show the median and interquartile ranges
with Whiskers to the 1.5 interquartile range and outlier data for the cross-
sectional area and anteroposterior over lateral diameter ratio of the right in-
ternal jugular vein of the dialysis patients and healthy volunteers. **p < 0.001.
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capacity along with the functional residual capacity, which
caused microatelectasis but was well tolerated in those with
normal pulmonary function. Patients with CKD, unfortunately,
are often elderly, with limited cardiopulmonary reserve. Use of
the Trendelenburg position during TDC insertion sometimes
worsens their clinical condition and impedes the procedure. The
benefits of placing CKD patients in the Trendelenburg position
for TDC insertion need to be weighed against the risks.
There is an ultrasound study that provides evidence that the
diameter of IJV increases about 20%when distended by 15 in a
head-down position.23 Neither age nor sex of the participant
influenced the positional distensibility of the veins examined. In
other words, IJVs distend in the head-down position in healthy
people of all ages. The dialysis patients in our study did not show
any IJV distension when placed in the Trendelenburg position.
Another study performed by Chung et al24 in Taiwan used ul-
trasound to measure the hemodynamic parameters of IJVs in
349 healthy individuals ranging in age from 16 to 89 years. All
data were collected in the head-straight and supine position.
Their results revealed that the luminal area of both right and left
IJVs increases significantly with aging. The elderly dialysis
patients in our study, however, had similar CSAs as young
healthy volunteers in supine position, which was inconsistent
with Chung et al’s result. However, it may be that cardiovascular
dysfunction may account for the above findings in our dialysis
patients. Abnormal endothelial function and circulating renal
toxins in CKD patients lead to increased atherosclerosis, arterial
stiffness, vascular calcification, abnormal vascular repair, and
neointimal hyperplasia.25,26 Further studymeasuring the venous
flow velocity, compressibility, degree of calcification or
atherosclerosis, and existence of venous reflux will be required
to clarify vascular dysfunction as the cause.
In our study, the AP diameter, lateral diameter, and AP/lateral
diameter ratiowere similar for both the supine and Trendelenburgpositions between the dialysis patients and healthy volunteers.
The calculated CSA of the RIJV was significantly greater in
healthy volunteers than in dialysis patients in the Trendelenburg
position, but not in the supine position. A statistically significant
CSA change after alteration of position was noted only in healthy
volunteers. The desirable effect of an increase in CSA under the
Trendelenburg position was not observed in our study in dialysis
patients.Besides, data fromdialysis patients further demonstrated
that there was not much change in the AP diameter, lateral
diameter, AP/lateral diameter ratio, or CSA under the different
positions (Table 1 and Fig. 4). Consequently, placing CKD pa-
tients in theTrendelenburg position for TDC insertion is no longer
rational or medically supportable. In the alternative, the use of
fluoroscopic tables that remain flat for CKDpatients and for TDC
insertion is an acceptable solution.
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patients is well documented.27e30 Anemia, left ventricular
hypertrophy, CHF, diastolic dysfunction, and vascular
dysfunction are all characteristic manifestations.27e30 We infer
that both systolic and diastolic dysfunction of the heart in
CKD patients may lead to maximum engorgement of the RIJV
in the supine position. Jugular venous distention is one of the
most frequent signs in established CHF patients because of the
decrease in venous return related to poor ventricular contrac-
tility. However, the statistically similar parameters of the RIJV
(diameters and CSA) between the dialysis patients and healthy
volunteers in the supine position in our study did not support
this proposition. We then considered that, besides the diseased
heart, vascular dysfunction in CKD patients may also play a
role in limiting the degree of enlargement of the RIJV related
to position change.
We reviewed the data related to heart function in the dial-
ysis patient group. Twenty-five of 50 dialysis patients under-
went left and right ventricular ejection fraction plus wall
motion (first pass radionuclide angiocardiography) examina-
tion. Twenty-one out of 50 dialysis patients underwent trans-
thoracic echocardiography before the study date. The
preliminary data revealed that less than half of the dialysis
patients had poor ventricular systolic dysfunction (ejection
fraction <50%), regardless of whether the left or right
ventricle was involved. Moreover, the other half of the dialysis
patients did not undergo extra heart function evaluation, which
might imply that they did not have an underlying CHF.
Therefore, we could not explain the loss of RIJV enlargement
in the Trendelenburg position solely by the hypothesis of an
increase in intra-atrial pressure and reduction in venous return
on account of poor systolic function. Future study regarding
the relationship between systolic function and RIJV distention
can be conducted. More evidence is needed to unscramble the
relationship between the cardiac systolic function and the loss
of RIJV distensibility in CKD patients in Trendelenburg
position.
Isolated diastolic dysfunction or combined systolic
dysfunction may induce or contribute to the decrease in venous
return and sustained engorgement of the IJVs. Of the 21 pa-
tients with transthoracic echocardiography data, 18 were
diagnosed with left ventricular diastolic dysfunction (15 mild:
impaired relaxation; 2 moderate: pseudonormalization; 1 se-
vere: restrictive diastolic dysfunction). From the preliminary
data, we found that the majority of the dialysis patients who
underwent echocardiography had left ventricular diastolic
dysfunction, regardless of systolic function. The decreased
elasticity caused by cardiac fibrosis is the probable reason for
the early diastolic dysfunction. As mentioned above, the dia-
stolic function was investigated by echocardiography, focusing
on the left ventricle. According to the rudimentary data, we
tentatively suggest that diastolic dysfunction is the likely
reason for the induction of maximum distention of the RIJV.
Future investigations should include explicit studies to disclose
the influence of the right ventricle on RIJV engorgement.
The fluid status of CKD patients can change at the kilogram
level before and after hemodialysis. The volemic status ofdialysis patients plays an important role in the condition of the
IJV. Unfortunately, we did not strictly regulate the time from
the last hemodialysis before TDC insertion. There was some
bias in the correlation of fluid status with the change in di-
ameters and CSA change in the RIJV in dialysis patients.
Therefore, further study may be needed. Other limitations of
our study include the lack of Doppler analysis of venous flow
velocity and the vein compression test. The IJV may be less
compressible in the Trendelenburg position without a change
in CSA, and a consistent IJV texture is more desirable for
central venous catheterization than a flaccid vein.
In conclusion, by studying the ultrasound image of patient
RIJV, we came to the understanding that the Trendelenburg
position does not change the diameters and CSA of the RIJV
in dialysis patients. The use of the Trendelenburg position for
TDC insertion may not be appropriate and should not be
encouraged, although it is currently widely used for central
venous catheterization in normal and dialysis patients.
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